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Background 
Mercury (Hg) is a pervasive global pollutant dispersed globally 
from coal-fired power plants, volcanoes and industrial use. 
During the last century, industrial scale lithium isotope 
extraction at the Oak Ridge Y-12 plant released significant 
amounts of mercury to the environment.  
 
 
We hypothesize  that hgcA and hgcB may be correlated with 
one of the following pathways: 
 
•  Reductive acetyl-CoA (Wood-Ljungdahl) pathway 
•  Tetrahydromethanopterin pathway 
•  Methanogenesis pathway 
Fig. 2.  Mercury bioaccumulates in fish. 
The mechanism of mercury methylation has been unknown for 
many years until recently. Two genes, hgcA and hgcB, were 
reported as required for mercury methylation. hgcA encodes a 
putative membrane protein which transfers a methyl group to 
Hg2+. hgcB encodes a ferredoxin protein which mediates 
transfer of electrons. To date, homologs of these two genes 
have been identified in 72 species across the proteobacteria, 
firmicutes and methanogenic archaea. 
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Fig. 3. HgcA and HgcB proteins. 
Methylmercury (CH3Hg+), a highly toxic 
form of mercury, bioaccumulates in the 
food web and is highly toxic to humans 
and other organisms. CH3Hg+ is 
generated in the environment 
predominantly by anaerobic 
microorganisms. Sulfate-reducing 
bacteria are the main producers of 
CH3Hg+, although iron-reducing bacteria 
and methanogens can also be involved. 
 
Fig. 1.  Methylmercury molecule. 
BLAST, the Basic Local Alignment Search Tool, is an 
algorithm for comparing biological sequence information, 
such as DNA, RNA, and protein sequences.  
Fig. 4. NCBI BLAST interface.  
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Fig. 5. Reductive Acetyl-CoA Pathway. 
Fig. 6. Tetrahydromethanopterin pathway and methanogenesis pathway. 
1. formate--tetrahydrofolate ligase 
2. 5,10-methylenetetrahydrofolate 
dehydrogenase 
 
4. methylenetetrahydrofolate reductase 
(methenyltetrahydrofolate cyclohydrolase) 
 
5. 5-methyltetrahydrofolate CFeSP 
methyltransferase (MeTr) 
 
6. glycine hydroxymethyltransferase 
 
7. formate dehydrogenase 
 
8. Pyruvate-flavodoxin/ferredoxin oxidoreductase 
 
9: CfsA 
 
10: CfsB 
 
11: ACS 
 
12: CODH 
 
 
13:formylmethanofuran--tetrahydromethanopterin N-
formyltransferase 
 
14:methenyltetrahydromethanopterin cyclohydrolase 
 
15:methylenetetrahydromethanopterin 
dehydrogenase 
 
16:methylenetetrahydromethanopterin 
dehydrogenase 
 
17:coenzyme F420-dependent N5,N10-
methenyltetrahydromethanopterin reductase 
 
18:methyl-coenzyme M reductase alpha subunit 
 
19:trimethylamine dehydrogenase 
 
20:[methyl-Co(III) methylamine-specific corrinoid 
protein]:coenzyme M methyltransferase  
 
21:tetrahydromethanopterin S-methyltransferase 
subunit A 
Discussion 
•  Homologs of three genes related to the production of CH3-THF 
are consistently present in methylating proteobacteria and 
firmicutes and therefore may correlate with hgcA and hgcB.  
•  These genes do not consistently appear in methanogenic 
archaea; tetrahydromethanopterin may serve as an alternative 
methyl donor.  
•  Mercury methylation does not correlate directly with the 
synthesis of acetyl-CoA and methanogenesis.  
•  We plan to further investigate the relationship between hgcA 
and hgcB and the cofactor tetrahydromethanopterin as a 
methyl donor in methanogenic archaea.  
Bioinformatics Tool: BLAST Results 
BLAST was used to 
search the genomes 
of methylators for 
homologs of specific 
enzymes based on 
the following  criteria: 
 
•  Sequence coverage 
•  Sequence identity 
•  E-value 
